A possible role in strength regulation to maintain an upright position and adjustment of coherent postural reactions during body displacement has been suggested for the basal ganglia. 1 Controlling upright posture also requires the constant use of sensory information analyzed by different neural networks, most often unconsciously.
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disease. Balance impairment is not considered a presenting feature of the illness and does not draw much attention at that time. 8 Thus, the risk of falls and injuries in recently diagnosed patients, who may still be at work under demanding physical constraints at that period of their illness, may well be underappreciated. Later on, postural instability in PD is generally felt to be levodopa-resistant and the replacement therapy has even been shown to worsen postural sway abnormalities, 7 possibly because of decreased automatic tonic postural responses during displacements or interference due to dyskinesias. In this study, we evaluated the effects of levodopa on postural stability in mild PD patients with slight or no dyskinesias using a sensitive test battery (CATSYS System). This system uses a force platform to evaluate postural stability. Vertical forces are recorded in three points to determine the position of the centre of pressure on the plate. The movement of the centre of pressure along the X-Y axes defined by the force platform is recorded and analyzed to provide all key information obtained from similar platforms, such as the resultant mean sway, sway velocity, sway area, and Fourier analysis of the sway pattern.
METHODS
All participants provided informed consent prior to the experiment, which was approved by the local institutional ethics review board. Ten right-handed subjects within six years of PD onset, in Hoehn-Yahr stage I-II, on oral levodopa replacement therapy, were recruited for the study. They were first scored along the Unified Parkinson's Disease Rating Scale (UPDRS)-section III in the practically defined OFF state, at least 12 hours after the last dose of antiparkinsonian medications, then tested on the platform, and re-examined 60-90 min after dosing with their regular oral dose of levodopa, regardless of the intensity of their subjective response.
Displacement of the centre of pressure (CoP) was recorded using a 4-cm high platform containing three orthogonal straingauge devices (CATSYS System, Danish Product Development Ltd., Snekkersten, Denmark) connected to a computer. 9 Platform calibration was performed each day before testing. An analysis of variance (ANOVA) with repeated measures compared each sway parameter before and after medication. A p value <0.01 was considered significant.
RESULTS
The characteristics of the ten subjects (six males) are summarized ( Table 1 ). The mean (±SD) age and disease duration were 61.1 (±9.3) and 3.3 (±1.5) years, respectively. All but three THE CANADIAN JOURNAL OF NEUROLOGICAL SCIENCES 66 The postural sway results in the OFF state (Table 2) were retrospectively compared to those previously generated in our laboratory with the CATSYS system in a standardization study, involving 150 normal subjects (50% men) between 20 and 69 years of age. 9 The control results can be accessed at the following web site: http://www.er.uqam.ca/nobel/r11040/ resultat.htm. Mild differences were observed in all five measures examined both in the present and standardization studies (mean sway, transversal and sagittal sway, sway area and velocity). The values in the OFF state were either slightly above (transversal sway and sway velocity) or slightly below (mean sway, sagittal sway and sway area) one standard deviation compared to control values. These differences affect stance in general and have been reported in more advanced PD patients. 10 The measures most affected by the disease were transversal sway and sway velocity.
Compared to baseline measures, five of the six sway variables improved on levodopa: mean sway, transversal and sagittal sway, sway intensity and sway area ( Table 2) . Only sway velocity did not improve significantly but as indicated above, the sway velocity mean value recorded in patients also differs from the mean value recorded in the control group and does not seem as representative as the other measures. 9 Levodopa induced a substantial improvement on postural sway in eight participants. The impact on sway area (up to 72%) was particularly robust (Figure) . Two patients (no. 1, 10) showed a noticeable deterioration following levodopa administration, but one of them did not achieve an adequate ON state (no. 1). Except for the sway velocity results, the mean values recorded in the levodopa condition were otherwise comparable to our previous control values. 8 
DISCUSSION
We have shown that mild subclinical changes in postural sway do exist in early PD. The disease influences three postural control modalities: basic postural tone, internal postural control, as well as postural control when an external perturbation is applied. 11 Balance problems in subjects with PD are dominated by a loss of balance reactions and a decrease in anticipatory postural adjustments. 5 As a result, these patients have a delay in movement initiation and execution particularly in unsteady balance conditions. The voluntary dynamic action of postural stability control is reduced, 12 making PD subjects particularly vulnerable to falls at the time of internal or external destabilization.
Our results also indicate that levodopa replacement does help postural stability control in PD patients. The magnitude of the changes observed under medication can hardly be explained by the nonrandomized order of testing (OFF drug then ON), since familiarization and motor learning alone would be expected to produce a much lower degree of improvement. One can speculate that dopamine modulates the treatment of feedback information from the vestibular system and lower limbs proprioceptors. The effect of dopamine depletion (OFF condition) on mean velocity oscillations was evident in another study: 7 in the OFF condition, this speed reached close to 80 mm/s, compared to 25 mm/sec in the ON condition. That velocity is higher than in the present experiment probably because of differences in disease duration and severity.
The role attributed to levodopa on postural control in PD remains unclear due to inconsistent data. For instance, the area inclusion of the CoP displacements has been shown to be closer to normal in OFF compared to ON condition. 1, 7 In our study, the positive impact of levodopa was clear in eight of ten subjects, confirming previous reports about the benefit of levodopa on the activation of motor reflexes in PD, [13] [14] [15] [16] even in advanced subjects. [17] [18] For instance, the prominent 1 Hz oscillations documented in patients in the OFF condition diminished significantly in amplitude with levodopa and high-frequency stimulation of the subthalamic nucleus. 19 These differences were attributed to a change of gain in feedback loops, increased in ON and decreased in OFF state. Thus, dopaminergic circuits may be involved in postural control and internal stability. On the other hand, force control during external postural reactions could recruit non-dopaminergic circuits, explaining its lack of responsiveness in the ON condition. The basal ganglia conceivably contribute to postural control through different circuits. 11, 20 Differences in disease duration and severity, as well as in individual medication dose and magnitude of response, may have contributed to the slight performance deterioration detected in two of our subjects. A levodopa test using a standard dose in a greater number of participants would have been advantageous.
In conclusion, this study showed that mild subclinical changes in postural sway exist within six years of PD onset. The risk of falls of early PD patients in household and professional activities should not be overlooked. Oral levodopa dosing diminished postural sway in stance, suggesting that postural control mechanisms in early PD are under dopamine modulation. In advanced PD, degeneration of non-dopaminergic circuits and changes in the response profile to levodopa over time may explain the partial impact of levodopa on postural control.
